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The ORF38 of Autographa californica multiple nucleopolyhedrovirus (AcMNPV), or AcORF38, contains a conserved motif of Nudix
(nucleotide diphosphate X) superfamily. It has the highest homology with ADP-ribose pyrophosphatase (ADPRase), a subfamily of Nudix
pyrophosphatase. In the current study, recombinant AcORF38 protein was prepared and shown to have ADPRase activity, with a Km of 204 μM, and
Kcat of 6.96 s
−1 at pH 8.0 and 5 mMMgCl2. The transcription of AcORF38 was detected 2 h postinfection, and lasted until the late stage. An orf38
gene-deletedmutant virus, vAcGFP-Δ38, was constructed. Although it produced progeny virus, the yield of extracellular viruswas less than 1%of the
wild-type virus. The activity of viral very late gene promoter was also greatly reduced in vAcGFP-Δ38-infected cells as indicated by the expression of
green fluorescence protein gene driven by polyhedrin promoter. The mutant phenotype was rescued by co-transfection with an AcORF38-expressing
plasmid. These results suggest that AcORF38 plays an important role in virus replication, although the detail is to be elucidated.
© 2006 Elsevier Inc. All rights reserved.Keywords: Baculovirus; AcMNPV; ORF38; Nudix pyrophosphatase; ADP-ribose pyrophosphatase; Virus replicationIntroduction
Nudix superfamily is a group of proteins that catalyze the
hydrolysis of nucleoside diphosphate (Bessman et al., 1996).
Substrates of Nudix proteins include intact or oxidatively
damaged nucleoside triphosphates, dinucleoside polypho-
sphates, nucleotide-sugars, capped RNA, and dinucleotide
coenzymes (Gabelli et al., 2001). Thousands of Nudix proteins
have been recorded from eukaryotes, prokaryotes, and viruses
(McLennan, 2006). Nudix proteins share the unique Nudix
motif of GX5EX7REUXEEX2U, in which U is a bulky
hydrophobic amino acid (I, L or V), and X can be any residue.
Nudix motif was first described in MutT of Escherichia coli and
MutX of Streptococcus pneumoniae (Bullions et al., 1994;
Mejean et al., 1994), and believed to function as an Mg2+
binding and catalytic site (Bernet et al., 1994).
ADP-ribose is an intermediate produced during the metabo-
lism of NAD+, mono- or poly-ADP-ribosylated proteins and⁎ Corresponding author. Fax: +86 21 65650149.
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doi:10.1016/j.virol.2006.11.017cyclic ADP-ribose (Jacobson et al., 1994). High level of free
ADP-ribose may lead to non-enzymatic ADP ribosylation,
inactivating proteins and interfering with NAD+ metabolism
(Hilz, 1997; Cervantes-Laurean et al., 1996). The accumulation
of ADP-ribose may also potentiate tellurite toxicity and the free
aldehydic group may derivatize proteins in many cell types
(Dunn et al., 1999). ADP-ribose pyrophosphatase (ADPRPase)
is a subfamily of Nudix proteins that catalyzes the breakdown of
ADP-ribose to AMP and ribose 5-phosphate. It may contribute
to remove excessive ADP-ribose in cell and play roles in cell
signaling and detoxification (McLennan, 2006). Recent
advances on the three-dimensional structure and biochemical
function of several ADPRases, including EcADPRase (E. coli)
(Gabelli et al., 2001), MtADPRase (Mycobacterium tubercu-
losis) (Kang et al., 2003), TtADPRase (Thermus thermophilus
HB8) (Yoshiba et al., 2003), and NUDT9 (Homo sapiens)
(Perraud et al., 2003) provided insight to the catalytic
mechanism of these enzymes.
Baculoviruses (Baculoviridae) are large and complex DNA
viruses that exclusively infect arthropods. They have been
widely used as a eukaryotic protein expression vector, as well as
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grapha californica nucleopolyhedrovirus (AcMNPV), or
AcORF38, was identified to be a Nudix protein with ADPRase
activity. It was expressed immediate early in infection, and was
important for virus replication.
Results
Sequence analysis
Querying AcORF38 amino acid sequence against the
Superfamily database 1.69 (Madera et al., 2004) revealed a
potential Nudix motif in the N-terminal part (Fig. 1A), with an
E-value of 2.2×10− 6. Multiple sequence alignment andFig. 1. Sequence analysis of Nudix hydrolases and AcORF38. (A) Seven sequenc
Phylogenetic relationship of AcORF38 and 18 representative Nudix hydrolases. The p
distance was shown by the branch length (horizontal lines). The Genbank accession
AAC49902; E. coli ADPRase, AAC76070; E. coli isopentenyl diphosphate isom
Pyrobaculum aerophilum hypothetical protein, NP_560642; Caenorhabditis elegan
NTP pyrophosphorylase (MutT), NP_414641; Deinococcus radiodurans coenzy
NP_293805; human mitochondrial ADPRase, NP_076952; Bacillus stearothermop
AAC77844; D. radioduran hypothetical protein, NP_294749; E. coli ADP compou
E. coli NADH pyrophosphatase YP_026280; and E. coli NADH pyrophosphatase Aphylogenic analysis were carried out between AcORF38 and
18 seed Nudix hydrolases in the database, including five
ADPRases, two NADH pyrophosphatases, two Ap4A hydro-
lases, one GDP-mannose mannosyl hydrolase, one nucleoside
triphosphatase, and seven diverse hypothetical proteins. As
shown in Fig. 1B, AcORF38 was close to a subgroup targeting
specific substrate of ADP-ribose. It was thus hypothesized that
AcORF38 was an ADPRase.
Recombinant expression and purification of AcORF38
The recombinant AcORF38 with an N-terminal 6×His-tag
was expressed in E. coli and purified with Ni2+-NTA affinity
chromatography. The purified protein had a molecular weight ofes from four species were chosen to illustrate the conserved Nudix motif. (B)
hylogenic tree was constructed using the neighbor joining method. Evolutionary
numbers are: AcORF38, NP_054067; Lupinus angustifolius Ap4A hydrolase,
erase, AAC75927; human 7,8-dihydro-8-oxoguanine triphosphatase, P36639;
s Ap4A hydrolase, CAB63351; M. tuberculosis ADPRase, CAB10957; E. coli
me A pyrophosphatase, NP_294908; D. radioduran hypothetical protein,
hilus adenine glycosylase, 1RRTA; E coli GDP-mannose mannosyl hydrolase,
nds hydrolase, NP_417856; E. coli ADPRase homologue YffH, ZP_00706542;
AT48238.
Fig. 3. Effect of pH and divalent cations on ADPRase activity of AcORF38.
2 mM ADP-ribose was treated with 28 μM AcORF38 at room temperature for
15 min at various pH with 5 mM Mg2+ (A) or in the presence of various
concentrations of Mg2+ and Ca+ at pH 8.0 (B). The enzymatic activity was
determined as described in Materials and methods. The highest activity was
defined as 100% relative activity.
206 J. Ge et al. / Virology 361 (2007) 204–21129 kDa on SDS-PAGE (Fig. 2A), the same as that calculated
from the sequence. Mouse antiserum was prepared using the
recombinant protein (Fig. 2B).
Enzymatic activities
Using a two-step assay (Ooga et al., 2005), recombinant
AcORF38 was proved to have ADPRase activity. The highest
activity was found at pH 8.0 (Fig. 3A). The concentration ofMg2+
was important, since no enzymatic activity was detected in the
absence of Mg2+, while the activity was also decreased at high
concentration of Mg2+. Ca2+ could be used to replace Mg2+,
without the inhibitory effect at high concentration (Fig. 3B). In
the conditions of pH 8.0, 5 mMMg2+ and 28 μMAcORF38, the
Km for the hydrolysis of ADP-ribose was 204 μM, and Kcat was
6.96 s−1 (Fig. 4). No ADPRase activity was detected when an
unrelated protein similarly produced and purified as AcORF38
was assayed, excluding the possibility of contamination by
E. coli enzymes.
Transcriptional analysis
The temporal transcription pattern of orf38 gene was studied
with RT-PCR. Specific mRNA was detected in AcMNPV-
infected Sf9 cells as early as 2 h postinfection (p.i.) (Fig. 5). The
expression level increased during the late stage of infection. No
RT-PCR product was detected in mock-infected Sf9 cells.
Deletion and rescue
BacGFP-Δ38, a recombinant AcMNPV bacmid DNA in
which orf38 gene was replaced with an apramycin-resistant
gene, was constructed, and the corresponding mutant virus,
vAcGFP-Δ38, was recovered from transfected Sf9 cells. The
deletion of orf38 was confirmed by PCR with primer pair P1
and P2, when a 2.5-kb product was amplified from the mutant
genome, comparing with the 1.7-kb product from genomes ofFig. 2. Expression and Purification of AcORF38. SDS-PAGE (15%) visualized
with Coomassie brilliant blue staining (A) and Western blot using anti-
AcORF38 antiserum (B). M: protein marker with molecular masses indicated
(kDa); lanes 1 and 9: the flow-through from Ni2+-NTA column; lanes 2–7:
elution with imidazole concentration of 25 mM, 50 mM, 100 mM, 150 mM,
250 mM and 500 mM, respectively; lane 8: elution with EDTA; lane 10: elution
with imidazole concentration of 150 mM.wild-type AcMNPV, the control virus vAcGFP, and another
similarly constructed virus with deletion in orf2, vAcGFP-Δ2
(unpublished results) (Fig. 6). PCR with another pair of primers,
P1 and P3, also confirmed the result, when a product of 0.75 kb
was amplified from AcGFP-Δ38, while no product was got
from vAcGFP (Fig. 6).
When vAcGFP-Δ38 was used to infect Sf9 cells at MOI of
1 pfu/cell, the growth curve of extracellular virus was almostFig. 4. Kinetic parameters of AcORF38 as an ADPRase. Initial velocities were
plotted against substrate concentration. Inset: double reciprocal plot of data.
Fig. 5. RT-PCR analysis of orf38 transcription. Total RNA was extracted from
mock-infected (Mi) or AcMNPV-infected Sf9 cells 2, 4, 12, 36, and 48 h p.i. RT-
PCR was performed with a pair of primers for orf38. As a control, RNA sample
from 48 h p.i. cells was also used as the template in PCR without reverse
transcription (48 No RT). M: DNA maker with size indicated (kb).
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stopped increasing thereafter, in contrast with vAcGFP where
virus titer continued to increase for another 24 h. The final
yield of extracellular virus in vAcGFP-Δ38-infected Sf9 cells
was 3.0±0.6×105 TCID50/ml, about 300 times lower than
vAcGFP (Fig. 7A).
Since both vAcGFP and vAcGPF-Δ38 had a green fluores-
cence gene (gfp) driven by the polyhedrin promoter, the
expression of gfp could be used to represent the expression of
viral very late genes. Much less cells with green fluorescence
were present (Fig. 7B), and the total fluorescence was much
lower (Fig. 8) in vAcGFP-Δ38-infected cells than in vAcGFP-
infected cells. This defect was rescued by co-transfection withFig. 6. Confirmation of the deletion of orf38 in vAcGFP-Δ38. (A) Schematic diagram
the binding site of primers P1, P2 and P3. (B) Results of PCR. When primers P1 and P
Δ38, while a product of 1.7 kb was seen from AcMNPV 1A (WT), AcGFP and ano
0.75 kb was seen only from the DNA of vAcGFP-Δ38, but not AcGFP. M: DNA man AcORF38 expression plasmid pBS-IE1P-38, when much
more fluorescent cells were present (not shown), and the
fluorescence intensity was back to the level similar to vAcGFP
(Fig. 8).
Immunodetection of AcORF38 in infected cells
Immunochemistry was used to visualize the distribution of
AcORF38 in vAcGFP-infected Sf9 cells using antiserum
against the recombinant AcORF38, and TRITC-labeled second
antibody. When examined with a laser confocal microscope,
red fluorescence, which represented AcORF38 protein, was
seen both in the nucleus and cytoplasm, although the majority
was located in the cytoplasm (Fig. 9). The result was
confirmed with subcellular fractioning of AcMNPV-infected
Sf9 cells followed by SDS-PAGE and immunoblotting (data
not shown).
Discussion
Among all thirty-six fully sequenced genomes of baculo-
viruses in Genbank to date, thirty-two of them have a gene
homologous to orf38 of AcMNPV. These include all type I and
type II nucleopolyhedroviruses (NPV) and granuloviruses
(GV). The only four exceptions are three Neodiprion NPVs
(N. abietis NPV, N. lecontei NPV, and N. sertifer NPV), and
Culex nigripalpus baculovirus. The phylogeny of AcORF38-showing the structure of orf38 locus in wild-type and orf38-deleted virus, and
2 were used, a product of 2.5 kb was amplified from BacGFP-Δ38 and vAcGFP-
ther mutant virus vAcGFP-Δ2. When primers P1 and P3 were used, a band of
aker with size indicated (kb).
Fig. 7. Reduced extracellular virus production and very late gene expression by vAcGFP-Δ38. (A) Virus titer in the culture medium of Sf9 cells infected with vAcGFP
and vAcGFP-Δ38 (MOI=1 pfu/cell). Data were derived from triplicate infections, and error bars represented the standard deviation. (B) Expression of green
fluorescence protein in Sf9 cells infected with vAcGFP-Δ38 and vAcGFP (MOI=1 pfu/cell). Photographs were taken under a fluorescence microscope 7 days p.i.
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well (Jehle et al., 2006), implicating the importance of the
protein. Like AcORF38, all AcORF38-like proteins contain a
conserved motif similar to the Nudix motif.
It is noticed that the Nudix-like motif in AcORF38 has two
amino acid residues different from the consensus of Nudix
motif, GX5EX7REUXEEX2U. The first E is replaced by a D,
and the last residue of the motif is an R in AcORF38, which is
not really a bulky amino acid (U) (Fig. 1A). Other baculovirus
AcORF38-like proteins either have similar alteration from the
consensus at these two residues, or are consistent with the
consensus. An additional residue is also found between the first
E and R, where there are eight residues in AcORF38. This
feature is common in all baculovirus AcORF38-like proteins.
The implication of these alterations is unclear, although
variations in the Nudix motif are not uncommon (McLennan,Fig. 8. Rescue of vAcGFP-Δ38 with AcORF38-expressing plasmid. Fluores-
cence intensity of cells infected with vAcGFP-Δ38 and transfected with pBS-
IE1P-38, or the control plasmid pBS was measured. Cells infected with vAcGFP
and transfected with pBS were also included as a control. Data were derived
from triplicate experiments, and error bars represented the standard deviation.2006). As an example, the well-studied human mitochondrial
ADPRase (NUDT9) also varies from the consensus at two
residues (Perraud et al., 2003).
These alterations did not seem to affect AcORF38 as a
member of Nudix superfamily. It had the activity to hydrolyze
ADP-ribose, with Km and Kcat being 204 μM and 6.96 s
−1,
respectively. These parameters were comparable to those of
ADPRases from several bacteria and yeast, which ranged from
40 to 340 μM for Km, and 1.9 to 117.3 s
−1 for Kcat (Dunn et al.,
1999).
The transcription of orf38 started at the very early phase of
virus infection, suggesting it to be an immediate early gene.
Recombinant virus with deletion in orf38 replicated almost
normally before 48 h p.i., while extracellular virus stopped
increasing further during late stage, resulting in the significant
decrease of the yield of extracellular virus. The expression of
very late genes was also greatly decreased. The effect was
proven to be due to the deletion of orf38 rather than some other
factor associated with the deletion, since the mutant phenotype
was rescued by an AcORF38-expressing plasmid provided in
trans. Taking together, it is evident that AcORF38 plays an
important role in the replication of AcMNPV in vitro, especially
in the late stage of virus replication.
Proteins of Nudix superfamily are common in all organ-
isms. Some of them are believed to play roles in assure
transcriptional and/or replicational fidelity (Taddei et al.,
1997), while others are thought to be responsible for removing
excessive metabolites that are toxic to the cell (Bessman et al.,
1996). As an intermediate of metabolism, ADP-ribose may
inactivate protein, interfere with NAD+ metabolism and cause
cytotoxicity at high level. ADPRase has been suggested to
play roles in regulating energy metabolism, ion channel and
other important functions of the cell. Some ADPRases, such as
E. coli Orf209 and Saccharomyces cerevisiae YSA1, are
involved in the ubiquitous pathways of ADP ribosylation
(Dunn et al., 1999).
Fig. 9. Distribution of AcORF38 in infected cells. vAcGFP infected Sf9 cells were treated with anti-AcORF38 antibody (B) or not (A), followed by treatment with
TRITC-conjugated goat anti-mouse IgG, and examined in confocal microscope. From the left to the right: bright field, green fluorescence for GFP, red fluorescence for
the distribution of AcORF38, and the merge of green and red fluorescence. (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)
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AcORF38, its function in virus replication remains unclear. It
is possible that AcORF38 may also have activities other than
hydrolyzing ADP-ribose in cells. As a protein of Nudix
superfamily, AcORF38 may function either by involving in
viral DNA replication or transcription directly, or by removing
toxic substances, signaling molecules, and metabolic inter-
mediates. Preliminary data from our laboratory showed that
the deletion of orf38 resulted in significant increase of DNA
replication in the early stage of infection. More serious cell
lysis (around 40%) was also observed in vAcGFP-Δ38-
infected Sf9 cells than vAcGFP-infected cells, although the
virus yield was very low for the former virus. The cell lysis
was also reduced when infected cells were transfected with an
AcORF38-expressing plasmid. These observations imply that
AcORF38 may function by negatively regulating virus
replication and/or controlling cell damage caused by virus
infection, though more studies are needed before any
conclusion could be made.
Proteins with Nudix motif have been found in some other
viruses including T4 bacteriophage, African swine fever virus
(ASFV) and poxvirus (Miller et al., 2003; Shors et al., 1999;
Cartwright et al., 2002; Parrish and Moss, 2006), with little
knowledge of their function in virus replication. ASFV
encodes a Nudix hydrolase, g5R, which preferentially
degrades diphosphoinositol polyphosphates. It has been
suggested to regulate a stage of viral morphogenesis involving
diphosphoinositol polyphosphate-mediated membrane traffick-
ing (Cartwright et al., 2002). Vaccinia virus Nudix protein
D10 has been suggested to be a negative regulator of viral
gene expression. It is believed to bind to or hydrolyze cap
structures and thereby affect the stability or translatability of
mRNAs (Parrish and Moss, 2006). Deletion of D10 resulted in
smaller plaque and low virus yield, which was similar to our
observations in orf38-deleted AcMNPV. It would be ofinterest to compare the role of AcORF38 and vaccinia virus




Spodoptera frugiperda cell line Sf9 was cultured in TMN-FH
supplemented with 10% fetal bovine serum, 100 μg/ml
penicillin and 100 U/ml streptomycin. AcMNPV strain 1A
was used as wild-type virus. vAcGFP, a recombinant virus with
enhanced green fluorescence protein inserted at the polyhedrin
locus, was used as a control virus. It was constructed with Bac-
to-Bac system (Invitrogen, USA), and the corresponding bacmid
was named as BacGFP. vAcGFP-Δ38 was constructed as
described below. Virus titer was determined with end point
dilution in 96-well plate.
Phylogenic analysis
Sequences of characterized or putative Nudix pyropho-
sphatase were obtained from Genbank. Multiple sequence
alignments were performed using ClustalX and distance
analysis was done with the N-J method. Phylogenetic tree
was constructed using MEGA version 3.1 (Kumar et al.,
2004).
Prokaryotic expression and purification of AcORF38
AcORF38 coding sequence was amplified with primers 5′
GCGGGATCCATGCGAAACGCTGCAGGATTG 3′ and 5′
GCGAAGCTTTCACACCCGCCTAAGTG 3′ using the fol-
lowing conditions: 95 °C, 5 min for one cycle; 95 °C 50 s, 58 °C
50 s, and 72 °C 40 s for 30 cycles; and finally 72 °C for 10 min.
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extraction kit (Shenergy Biocolor, China), digested withHindIII
and BamHI, and cloned into pET-28a(+) (Novagen, USA) in
frame with the N-terminal 6× His tag. The resulting plasmid,
pET-AcORF38, was verified by restriction analysis and DNA
sequencing.
One liter of Luria broth inoculated with pET-AcORF38-
transformed E. coli BL21 (DE3) was cultured for 3 h at 37 °C,
220 rpm. Cells were then induced with 0.8 mM IPTG at 16 °C
for 14 h, before being harvested at 4000 rpm. The pellet was
resuspended in 20 mM Tris, 300 mM NaCl, 10 mM imidazole–
HCl, pH 7.4, and lysed by sonication. The 6× His-tagged
recombinant AcORF38 protein was purified on a Ni2+-NTA
column (Novagen). AcORF38 was eluted at the imidazole
concentration around 250 mM. The fractions containing
purified protein were pooled, desalted, and concentrated using
Amicon 10-kDa centripreps (Millipore, USA).
Enzyme assay
The enzyme activity was assayed through a two-step reaction
in which ADPRase converted the phosphatase-insensitive ADP-
ribose to the phosphatase-sensitive AMP and ribose 5-
phosphate, and alkaline phosphatase liberated the inorganic
orthophosphate from both AMP and ribose 5-phosphate (Ooga
et al., 2005). The amount of free phosphate was then quantitated
to represent the activity of the enzyme. The standard incubation
mixture (50 μl) contained 50 mM Tris–HCl, pH 8.0, 5 mM
MgCl2, 0–5 mM ADP-ribose, 28 μM AcORF38 protein, and 2
U of alkaline intestinal phosphatase (TaKaRa, China). After
indicated incubation periods at room temperature, the reaction
was terminated by the addition of EDTA. Free phosphate in the
reaction mixture was measured by adding 100 μl of a filtered
solution containing 0.15% malachite green, 1% ammonium
molybdate, and 12.5% (v/v) concentrated HCl. The absorbance
at 630 nm was measured on a Jasco V-530 UV–vis spectro-
photometer, and the amount of free phosphate was determined
with a standard curve. The reading was subtracted by reading
from control reaction without AcORF38 protein to eliminate the
non-enzymatic release of phosphate. It is noteworthy that 2 mol
of phosphate is liberated from 1 mol of ADP-ribose. The effect
of pH and divalent cation was studied in the reaction mixture
containing 2 mM ADP-ribose, 28 μM AcORF38, 5 mM Mg2+
(for various pHs) or pH8.0 (for various Mg2+/Ca2+ concentra-
tions). The kinetic parameters were determined by fitting the
data to the Michaelis–Menten equation. An unrelated recombi-
nant protein, ricin toxin A chain, produced and purified
similarly as AcORF38, was used as a control to exclude the
possibility of contamination from bacteria. Ricin toxin A chain
was chosen because it had similar molecular weight as
AcORF38.
Transcriptional analysis of AcORF38
Total RNA was isolated from AcMNPV-infected or mock-
infected Sf9 cells using TRIzol Max RNA Isolation Kit
(Invitrogen) according to manufacturer’s instructions. Thefirst strand of cDNA was synthesized with RevertAid M-
MuLV transcriptase (Fermentas Life Sciences). PCR was then
carried out using orf38-specific primers of 5′ GACAG-
CGCGTTCATCTACAAGTT 3′ and 5′ GACGCTGCGCAC-
AAAATCAAA 3′ with 30 cycles of 94 °C for 30 s, 58 °C for
30 s, and 72 °C for 30 s.
Construction of orf38-deleted recombinant AcMNPV
The upstream and downstream sequences flanking orf38 in
AcMNPV genome were amplified with PCR using primer pairs
of 5′ GCGGAATTCGCTGCTTGATCTT AGTGTAC 3′ (P1),
5′GCGGGATCCCTACGCCACTCTGAAA 3′, and 5′GCGG-
GATCCCGCATTTTACATATTTGACAC 3′, 5′GCGATTGT-
CGACAACCCACATTTG 3′ (P2), respectively. The PCR
products were cloned to pUC18 with their orientations
arranged in the same way as in AcMNPV genome, and a
BamHI site in between. A fragment of apramycin resistance
gene (Apra) with BamHI at both ends was inserted between
the orf38 flanking sequences to obtain the plasmid p38FLK-
Apra. The plasmid was verified by PCR, restriction analysis
and DNA sequencing. The DNA fragment covering the
upstream and downstream flanking sequences as well as Apra
was then amplified with PCR (Primers P1 and P2) and used to
co-transform E. coli strain BJ5183 (RecA+) with BacGFP.
Electroporation was carried out with a BioRad Gene Pulser at
2.5 kV, 25 μF and 200Ω. The bacteria were plated on LB plate
with 50 μg/ml kanamycin, 7 μg/ml gentamicin and 40 μg/ml
apramycin. Recombinant bacmid was obtained and named
BacGFP-Δ38.
Sf9 cells (5×105) were transfected with 4 μg BacGFP-Δ38
using Cellfectin Reagent (Invitrogen), and recombinant virus,
vAcGFP-Δ38, was recovered from the supernatant. PCR was
used to confirm the deletion of orf38 in vAcGFP-Δ38 with
primer pairs P1/P2 and P1/P3 (Fig. 6, P3: 5′ TTGCACTC-
CACCGCTGATGAC 3′).
Rescue of vAcGFP-Δ38 with an AcORF38 expression plasmid
The PCR product of orf38 gene was digested with BamHI
and HindIII and ligated with similarly digested plasmid pBS-
IE1P, an expression plasmid with AcMNPV ie1 promoter and
hr1 enhancer. The resulting plasmid was named pBS-IE1P-
38. Sf9 cells (5×105) were infected with vAcGFP-Δ38 at
multiplicity of infection (MOI) of 1 pfu/cell, followed by
transfection with 3 μg of pBS-IE1P-38 48 h p.i. Cells were
lyzed with 0.1% Triton X-100 in PBS and fluorescence was
measured by fluorescence spectrophotometry (HITACHI 850,
Hitachi, Japan; Eα=488 nm Em=510 nm). Cells similarly
infected with vAcGFP and then transfected with pBlueScipt
were used as control.
Cellular localization of AcORF38
The purified AcORF38 protein was used to immunize mice
following standard protocol. Polyclonal antibodies were
obtained and used in immunohistochemistry and confocal
211J. Ge et al. / Virology 361 (2007) 204–211microscopy as described by Okano et al. (1999) with minor
modifications. For immunohistochemistry, Sf9 cells were
infected with vAcGFP at MOI of 10 pfu/cell and collected
36 h p.i. Cells were fixed with cold acetone for 10 min, and then
blocked with 10% goat serum in 1% fetal bovine serum-
phosphate-buffered saline for 1 h at room temperature. The
specimen was sequentially incubated with anti-AcORF38 IgG
(1:50 dilution) and TRITC-conjugated goat anti-mouse IgG
(Dingguo, China) (1:100 dilution) at 37 °C for 1 h each. The cells
were examined with confocal laser microscope (model TCS-SP
equipped with an Ar-Kr laser; Leica, Heidelberg, Germany).
For biochemical fractionation, 1×107 Sf9 cells were infected
with vAcGFP at MOI of 10 pfu/cell, and harvested 36 h p.i. The
cell pellet was suspended in 1 ml of buffer A (20 mM Tris–HCl,
1 mMCaCl2, pH 8.0) plus 0.3 M sucrose and homogenized with
a Wheaton Dounce homogenizer with a loose-fitting pestle.
Aliquots of the resultant homogenate were used as the whole-
cell sample. The homogenates were then mixed with equal
volumes of buffer A plus 1.8 M sucrose, loaded on a sucrose
cushions (1.8 M sucrose), and centrifuged at 50,000×g
(SW60Ti rotor; Beckman) for 1 h. The pellet (containing
nuclei) was resuspended in 0.3 M sucrose.
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